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EFFECTS OF HYPOXIA ON TISSUE ENGINEERED
CARTILAGE CONSTRUCTS
Y. Ren1, B. Bilgen1,2, R. Aaron1,2, D.M. Ciombor1,2
1Dept. of Orthopaedics, Brown Med. Sch., Providence, RI; 2Ctr.
for Restorative & Regenerative Med., Providence VAMC,
Providence, RI
Purpose: Cartilaginous structures have exhibited a limited ca-
pacity to repair. Traumatic lesions in the articular surface are a
signiﬁcant source of pain and rarely heal spontaneously. While
the therapeutic intervention for the repair of cartilage, including
cell-based engineered repair, requires an understanding of the
regulatory effects of growth factors, the potential for synergies
with physical forces must also be taken into consideration. In vitro
engineering of cartilage-like and bone-like tissue has been demon-
strated in several laboratories; however, the optimal approach for
creating articular cartilage ex vivo is not known, and therefore
that success has not been translated to an in vivo success story.
The overall goal of this study is to optimize the conditions, both
physiologic and biophysical, of a tissue-engineered biocomposite
to restore the form and function of articular cartilage in damaged
joints.
Methods: Porcine synovium is aseptically harvested from the knee
joints and digested with 0.1% trypsin and 0.1% Collagenase P in
DMEM/10% fetal (FBS) for 2 h at 37°C. Isolation of the Synovial
Type B Fibroblast (SFB) was accomplished with Dynabeads M-450
CD14. 0.5×106 cells were pelleted at 1000rpm for 10’, grown in
a deﬁned differentiation medium with and without TGFβ1. Oxygen
concentration is tightly controlled with a BioSpherix OXc oxygen
culture system.
For histology and immunohistochemistry, specimens are ﬁxed for
24 h at 4°C in 4% paraformaldehyde in PBS (pH 7.4), parafﬁn em-
bedded, and sectioned at 5 μm. Consecutive sections are stained
with Safranin O/Fast Green for sulfated glycosaminoglycans and
are immunostained with monoclonal antibodies against porcine
collagen type II. Propidium iodide is used for nuclear staining. All
staining is controlled for non-speciﬁc binding without the primary
antibody.
The glycosaminoglycan (GAG) content is determined by a colori-
metric assay with 1,9 dimethylmethylene blue at a wavelength of
525 nm at pH 3.0 with bovine chondroitin sulfate as a standard.
DNA is measured by the Hoechst 33258 dye binding method.
Results: Figure 1 shows the effect of a 1% oxygen environment
for the 14 day growth and differentiation of developing cartilage.
With a supplement of 10 ng/ml TGFβ1 the cultures exhibited
greater than a 2 fold increase in GAG accumulation when com-
pared with supplemented cultures grown at 21% oxygen (p<0.01).
Additionally, DNA content at day 7 was increased in hypoxia with
or without growth factor supplementation (p<0.01) (Fig. 2).
Conclusions: The challenge of any engineered tissue is to with-
stand the physiological and biomechanical demands of the native
tissue. In the case of cartilage, the engineered substitute must
not develop an immune or inﬂammatory response, be functionally
integrated into the surrounding native tissue, and not degrade
Figure 1
Figure 2
following repeated loading. It has been well accepted that the
physical microenvironment exerts local regulatory inﬂuences on
gene expression for, and synthesis of, structural extracellular ma-
trix (ECM) and signaling proteins in all skeletal tissues. The local
microenvironment of cells in an engineered tissue construct can
be manipulated as well. We have shown here that the physico-
chemical environment exerts effects on the development of carti-
lage in vitro and we propose that the changes seen in the cellular
response to differing doses
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HERBAL EXTRACT HBP-A INCREASE COLLEGAN II
EXPRESSION IN CHONDROCYTES-ALGINATE HYDROGEL
CONSTRUCTS:IN VIVO AND IN VITRO STUDY
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Purpose: To explore the biological characteristic of an injectable
constructs composing of chondrocytes and alginate hydrogel un-
der the intervention of HBP-A, an extract from Chinese herbs,
as well as its potential prospection in the ﬁeld of cartilage tissue
engineering.
Methods: Chondrocytes isolated from rabbit knee cartilage were
cultured and veriﬁed by immunohistochemistry staining of type II
collagen. After adding HBP-A to cultures with different oncentra-
tion, chondrocyte proliferation was observed on days 1, 3, 5, 7 and
9 by using the 3-(4,5-dimethylthiazol-2yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium inner salt (MTS) assay
kit. On day 5, cell proliferation and glycosaminoglycan (GAG)
were tested to explore a suitalbe HBP-A density parameter. While
being cultivated by HBP-A with 0.3mg/ml concentration, matrix
metalloproteinases-3 (MMP-3) content, aggrecan and a disintegrin
and metalloproteinase with thrombospondin motifs 5 (ADAMTS-5)
mRNA expression was tested by enzyme linked immunosorbent
assay (ELISA) and realtime polymerase chain reaction (PCR) re-
spectively. Morphological status of complex with alginate hydrogel
and chondrocytes in vitro was observed by scanning electron
microscope. Calcium alginate hydrogel embedded with chondro-
cytes and HBP-A was injected to nude mice. subcutaneously. At
the end of 6 weeks-transplantaiton, all animals were sacriﬁced
and the specimens were procured for histological examination by
using pathological section and transmission electron microscope.
Cartilage sections were made and stained with Safranin’O/Fast
Green. The mRNA expression level of aggrecan and collegan II in
constructs were tested by PCR.
Results: Our ﬁnding suggested that the capacity of cell prolifer-
ation increased on the timepoints within a cell circle progression.
At 0.3mg/ml concentration, HBP-A could inhibit MMP-3 secre-
tion and ADAMTS-5 mRNA expression. In morfological study, as
prehensively analysied by histological scan and electronic tele-
scope, newly cartilage -liked tissue was found. Furthurmore, while
using HBP-A as an intervention, there were signiﬁcant appear-
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ance of collagen in those cartilage tissue complex. Homologously,
compared with none herbal intervention group, the expression of
collagen II in cartilage-liked tissue in HBP-A intervention group
was also improved in PCR assay with 0.80 [95%CI = 0.67,0.93] vs
0.49 [95%CI = 0.45,0.53] (P<0.05). However, the mRNA expres-
sion of aggrecan was failed to demonstrate difference with 0.59
[95%CI = 0.40,0.78] vs 0.50 [95%CI = 0.28,0.71] (P>0.05).
Conclusions: In a summary,cartilage like tissue could be found af-
ter the injection of alginate hydrogel embedded with chondrocytes
and HBP-A. The study documented that the potential pharmaco-
logical target of Chinese herbal extract HBP-A in the application of
cartilage tissue engineering may be concerned with the inhibition
of catabolic enzymes MMP-3 and ADAMTS-5, and increasing of
collagen II expression,and further study should be explored.
Funded by: The National Natural Science Foundation of P.R.
China (NO: 30300459) and Shanghai Leading Academic Discipline
Project (NO: T0303) and the Shanghai Youth Phospherus Project
(NO: 08QA14063).
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THE CHARACTERISTIC OF MESENHYMAL STROMAL
CELLS CULTURE DERIVED FROM KNEE FAT PAD
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Purpose: As the hyaline cartilage has a limited reparative po-
tential the cells culturing technologies became attractive method
for restoration of full-thickness cartilage defects. We evaluated the
differentiation potential of multipotent mesenhymal stromal cells
(MMSC) culture derived from knee fat pad.
Methods: During knee arthroscopy in 3 patients with full-thickness
traumatic cartilage lesions 1 cm3 of fat pad was resected, sub-
jected to fermental dissociation and than culturing for 3 passages
in order to get 6 millions cells. The characteristics of cells cul-
ture were conﬁrmed by “Minimal criteria for deﬁning multipotent
mesenhymal stromal cells” according to “The International Soci-
ety for Cellular Therapy position statement” and some additional
investigations.
Results: We found that cells culture from fat pad adhere to
the surface of culturing plastic, has the similar surface mark-
ers as MMSC: CD73 (96,3-100%), CD44 (92,1-99,4%), CD105
(94,9-100%), CD90 (94,9-99%); in minimal extent expresses
hemopaethic markers CD34 (0,05-3%), CD45 (0,01-22%), CD71
(-), CD106 (2,03-13,2%), CD11b (3,7%), CD10 (2,8-4%) and didn’t
express CD133. This cells culture has wide differentiating poten-
tial during the induction of differentiation in orthodoxal directions
- osteogenic, chondrogenic and adipocitogenic. Osteogenic dif-
ferentiation was conﬁrmed by high synthetic activity of alkaline
phosphatase, osteocalcinum expression and ability to form min-
eral precipitates. Chondrogenic differentiation was conﬁrmed by
forming of chondrocytal spheroids and gystochemically by identi-
ﬁcation of glucosaminoglycans and collagen type II. Adypogenic
differentiation was conﬁrmed by accumulation in cytoplasm a lot
of adiposal drops that positive stained by sudan 3.
Conclusions: Thereby the multipotent mesenhymal stromal cells
culture derived from knee fat pad has good potential to be used
for restoration of full-thickness cartilage defects.
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EXTRACELLULAR MATRIX DEPOSITION BY
CHONDROGENICALLY DIFFERENTIATING HUMAN
MESENCHYMAL STEM CELLS IS ENHANCED BY
MACROMOLECULAR CROWDING
J.F. Welter, M. Pelyak, K.J. Penick, L.A. Solchaga, V.M. Goldberg
Case Western Reserve Univ., Cleveland, OH
Purpose:Mesenchymal stem cells (hMSCs) are a potential source
of cells for cartilage tissue engineering. During chondrogenic dif-
ferentiation of hMSCs, the accumulation of macromolecular ex-
tracellular matrix (ECM) components, speciﬁcally collagens and
glycosaminoglycans (GAG), is critical for the generation of a
functional, mechanically competent tissue. The macromolecular
ECM components are synthesized as monomers or individual
molecules, and their assembly into a cohesive matrix depends
largely on their local concentration. In a cell-culture environment,
the bulk of the ECM components synthesized by the cells is
typically lost by diffusion into the cell culture medium. Others
have reported that collagen incorporation by ﬁbroblast cultures
is enhanced by the addition of exogenous macromolecules to
the medium. Macromolecular crowding has been proposed as
the underlying mechanism for this phenomenon; the exogenous
macromolecules occupy a certain volume and consequently limit
the volume available to other molecules, increasing their local
concentration. In this study, we evaluated the effects of several
macromolecular crowders on chondrogenically differentiating hM-
SCs in an aggregate culture system.
Methods: hMSCs were culture-expanded and then placed in chon-
drogenic aggregate culture in 96-well plates (250×103 cells/well).
Polystyrene (PS, 300kDa), dextran sulfate (DS, 500 kDa), and
hyaluronic acid (HA, 350 kDa) were added to the chondrogenic
differentiation medium at 0.1 mg/ml. We tested three different
exposure durations (3, 5, or 7 days after aggregate formation)
on two different types of aggregate cultures using multiple cell
preparations. The ﬁrst type was pelleted as undifferentiated MSCs
on day 0 and maintained as aggregates for the duration of the
experiment. The second type was pre-differentiated in aggregate
culture for 7 days, before being dissociated and re-pelleted as
pre-differentiated cells on day 7. After 14 or 21 days, the aggre-
gates were harvested for histological and quantitative biochemical
analyses.
Results: The addition of crowding macromolecules had different
effects depending on the differentiation state of the cells. Crowding
had little effect on the undifferentiated MSCs or even decreased
ECM deposition slightly. Treatment of the pre-differentiated MSCs
resulted in up to a 300% increase in GAG accumulation, with sim-
ilarly increased collagen deposition, and minimal changes to the
DNA content of the aggregates. These aggregates were larger,
proportionally to the GAG content. Although all three macro-
molecules caused an increase in ECM incorporation, PS had the
largest effect, followed by DS and HA. The longer exposure times
had consistently larger effects than the shorter ones.
Conclusions: Macromolecular crowding increases and acceler-
ates the amount of collagen and GAG deposited by differentiating
hMSCs. The use of crowding macromolecules can, therefore, po-
tentially enhance tissue-engineering applications, and our long
range goals therefore include extending these studies to large-
scale tissue engineered cartilage constructs. What determines the
differences in effectiveness between polystyrene and the other
macromolecules, and what the optimal dosing regimen is, remains
to be determined. It also seems likely that these mechanisms
underlie to some degree the effects of viscosupplementation in
vivo.
